Effects of nicotinamide and carbogen in different murine colon carcinomas: immunohistochemical analysis of vascular architecture and microenvironmental parameters.
To investigate oxygenation, perfusion, and cell proliferation in two murine colon carcinoma lines with known differences in chemotherapy sensitivity and analyze the effect of nicotinamide and carbogen on these tumor characteristics. Mice with s.c. transplanted C38 and C26a murine colon tumors were treated with nicotinamide and carbogen and compared with control tumors. Two markers of hypoxia, CCI-103F and pimonidazole, were injected before and after treatment with nicotinamide/carbogen, respectively, allowing each tumor to serve as its own control. Hoechst33342 was used as a perfusion marker and bromodeoxyuridine (BrdUrd) as a proliferation marker. Frozen tumors were cut for multistep immunostaining and computer-controlled microscope scanning for hypoxic fractions (HF), perfused fractions (PF), vascular density, and BrdUrd-labeling index (LI). Microscopic observation of C38 and C26a tumors showed extensive differences in vascular architecture, distribution patterns of hypoxia, and BrdUrd-labeling. Quantitative analysis of C38 and C26a tumors showed a decrease in HF in response to all treatment modalities. For C38 tumors, the average decrease in HF in response to carbogen containing treatments was larger than to nicotinamide alone. In C26a tumors, no difference in average decrease in HF was observed between the treatments. The PF of C38 and C26a did not change in response to treatment. The LI of C38 and C26a decreased upon all treatments, which was statistically significant in the combination treatment of C38. The mechanism that can simultaneously explain all the observed changes in response to treatment may be the conversion of metabolism from less respiration toward more glycolysis due to increased glucose levels (Crabtree effect), although other mechanisms of actions cannot be excluded.